We provide, in R-parity violating supersymmetric standard model, a comprehensive analysis for sneutrino minimization from one-loop effective scalar potential, and also for one-loop renormalized neutrino masses and mixing by calculating effective neutrino mass matrix in the weak basis. Applying our results to theories with gauge mediated supersymmetry breaking, we show how atmospheric and solar neutrino oscillations can be accommodated simultaneously in this framework. It is observed that the one-loop correction to sneutrino vacuum expectation values leads to a significant effect on the determination of the neutrino masses and mixing.
I. INTRODUCTION
The minimal supersymmetric standard model (MSSM) may allow for explicit lepton number and thus R-parity violation through which neutrinos get nonzero masses and mixing [1] . As it is an attractive possibility to explain neutrino experiment data, there have been many works investigating neutrino masses from R-parity violation [2] . In recent years, further development has been made to analyze three neutrino masses and mixing [3] accommodating the recent observation of the atmospheric muon neutrino oscillation in Super-Kamiokande [4] and other experimental data [5, 6] . A very interesting feature of R-parity violation as the origin of neutrino masses and mixing is that this idea could be tested in future collider experiments despite the small R-parity violating couplings. Specifically, the mixing angles measured in the Super-Kamiokande [4] and the CHOOZ experiments [7] can be probed by detecting lepton number violating decay modes of the lightest supersymmetric particle [8, 9] .
In this paper, we extend the former studies basically in two ways. First, we calculate one-loop improved tree-level neutrino masses. In order to do that, we determine sneutrino vacuum expectation values (VEVs) from the minimization of the one-loop effective scalar potential, which has been usually ignored in previous works 1 . As will be shown later, the one-loop correction to sneutrino VEVs should not be ignored as it can drastically change the tree-level results. When there exists a cancellation among tree-level quantities in the determination of sneutrino VEVs, the loop contributions to the neutrino masses can be even larger than the tree ones. Furthermore, this phenomenon occurs generically in a certain parameter region. Secondly, we calculate one-loop renormalized neutrino masses and mixing utilizing the "effective mixing matrix" method [10] . As far as one concerns only the neutrino sector, this approach turns out to be very useful even though the results should be the same as in the usual on-shell renormalization scheme working in the tree-level mass basis [11, 12] . Our procedure begins with constructing the 7x7 one-loop neutrino/neutralino mass matrix in the weak basis. Then, we obtain the seesaw-reduced 3x3 neutrino mass matrix from which physical neutrino masses and mixing are calculated. In this way, one can easily figure out the effects of each self-energy diagrams and simplify the calculation to obtain the main contributions. Our results are applied to the theories with gauge mediated supersymmetry breaking to discuss how large the one-loop results deviate from the tree-level ones. Finally, we show that the atmospheric and solar neutrino oscillations can be accommodated naturally in this framework. In particular, we present some typical examples for input parameters providing the vacuum or matter oscillation solution to the solar neutrino problem. This paper is organized as follows. In Section II, we determine sneutrino VEVs by computing one-loop effective scalar potential, and present analytic expressions for all the one-loop contributions to sneutrino VEVs in Appendix A. In doing so, we also derive the diagonalization matrices for fermions or sfermions which get mixed further due to R-parity violation. In Section III, these diagonalization matrices will be used to calculate one-loop self-energy diagrams in the weak basis. This enables us to determine the dominant contributions to physical neutrino mass eigenvalues and mixing angles which could be relevant for explaining the current neutrino data. The leading self-energy diagrams are calculated in Appendix B. In Section IV, we apply the above results to the R-parity violating theories with gauge mediated supersymmetry breaking and discuss the effects of one-loop corrections to sneutrino VEVs on the determination of the neutrino masses and mixing. Then, we illustrate how the atmospheric and solar neutrino data can be explained simultaneously in this framework. We conclude in Section V.
II. SNEUTRINO VEVS FROM ONE-LOOP EFFECTIVE SCALAR POTENTIAL
We start by writing the MSSM superpotential W 0 and W 1 conserving and violating R-parity/lepton number, respectively:
An unpleasant feature of R-parity violation is that there are too many free parameters essentially uncontrollable unless a certain theoretical framework for Yukawa hierarchies is invoked. For the later use, we assume that λ i ≡ λ i33 and λ
dominate over the other couplings for the first two generations, guided by the quark and lepton Yukawa hierarchy. The bilinear model where no trilinear R-parity violating couplings are present at the fundamental scale satisfies this assumption, as rotating away the bilinear terms generates the hierarchical trilinear couplings λ, λ ′ . One-loop effective scalar potential to determine the VEVs of the Higgs and sneutrino fields, H 
where V D is the SU(2) × U(1) D-term, and
) is the one-loop correction. In our notation, m 2 L i H 1 contains not only the soft mass term but also the supersymmetric mass term µµ i from the superpotential (1). The minimization condition for the sneutrino fields, ∂V /∂L
where
where | 0 means to put L 0 i to zero. This expression is valid when R-parity violating parameters are small enough, µ i ≪ µ, etc.., which is the case with small neutrino masses m ν ≪ M W . In the case of small R-parity violation, the Higgs VEVs can be obtained from the usual minimization condition neglecting R-parity violating couplings. The complete one-loop calculation for the Higgs VEVs can be found in Ref. [13] . R-parity violation mixes neutrinos, charged leptons, sleptons and sneutrinos with neutralinos, charginos, charged and neutral Higgses, respectively, and gives rise to more complicated and bigger mass matrices of fermions and sfermions. In the case of small R-parity violation, it is convenient to use first approximate seesaw diagonalization to rotate away the R-parity odd elements. Then one takes the further diagonalization process to obtain mass eigenvalues which contain the contributions from R-parity violating parameters up to their second order. It is now a simple manner to take derivatives of mass eigenvalues with respect to L This matrix will be used to compute one-loop self-energy diagrams for neutrino/neutralino masses.
Following the similar steps, we also obtain the CP-even and CP-odd sneutrino/Higgs contributions to sneutrino VEVs. The mass matrix in the weak basis (ν
of the real components of slepton and Higgs fields is
In Appendix A, we collect all information needed to calculate one-loop corrected sneutrino VEVs and present complete analytic results. For the numerical calculation, we take the renormalization scale, Q 2 = mt 1 mt 2 , around which the one-loop contribution V 1 is minimized. The mixing matrices given in Eqs. (13) , (15) and (18) play a role of inducing the effective λ or λ ′ couplings in the mass basis and will be used to calculate the one-loop neutrino masses. We also need the neutrino/neutralino and charged lepton/chargino mixing matrices [14, 9] which we summarize in Appendix A for completeness.
III. ONE-LOOP CORRECTED NEUTRINO MASS MATRIX
The neutrino/neutralino mass matrix at one-loop level is given by
where Q is the renormalization scale, and M(Q) is the the DR renormalized 7x7 tree-level mass matrix, Π and Σ are the contributions from one-loop self-energy diagrams. To compute the one-loop corrected mass matrix (20) , we work in the weak basis, that is, we evaluate Π's and Σ's with weak eigenstate neutrino/neutralino on external legs and mass eigenstates running inside loops. For this, we express the propagators in the loops in terms of the mass eigenstates as calculated in Appendix B. A complete one-loop analysis has been performed in Refs. [11, 12] where the mass matrix (20) is calculated in the tree-level mass basis and mass eigenvalues and mixing matrix are obtained by re-diagonalizing the one-loop mass matrix. In our approach, it is useful to make a few observations which facilitate out calculation. Let us recast the mass matrix (20) as
where neutrino-neutralino mixing elements of
If we are interested only in neutrino mass eigenvalues and mixing matrix, it is convenient to obtain first the seesaw reduced 3x3 neutrino mass matrix. Applying seesaw formula to Eq. (21) and keeping one-loop order terms, we find the effective 3x3 neutrino mass matrix as follows;
As neutrino masses are negligible, we can now take p 2 = 0 without ambiguity to calculate physical neutrino masses and mixing. Our procedure is in fact identical to that developed in Ref. [10] where the mixing renormalization is performed by utilizing the Q-independent "effective mixing matrix". The effective mixing matrix U ef f is calculated from the diagonalization matrix U(p 2 ) of the mass matrix M pole (p 2 ) in the weak basis (20) by taking
According to the results of [10] , this method has several nice features. First, one can avoid superficial singularity reflecting the arbitrariness in the diagonalization of the mass matrix with degenerate massless neutrinos at tree level. Second, as far as neutrino mixing is concerned, the mixing matrix U ν = U(p 2 → 0) determined from the diagonalization of the effective 3x3 matrix (22) can be considered as the full unitary mixing matrix, up to a negligible correction of O(a 2 i ). Furthermore, the scale dependence which appears only in Σ n turns out to be very small as we will discuss below.
Note that the first term in Eq. (22) is the tree-level mass which makes only one neutrino massive. The other terms show one-loop contributions from various self-energy diagrams. It is interesting to see that Σ D,N do not appear in M ν (p 2 ) and thus one does not have to calculate them. We can make further simplifications. First, in the basis where µ i terms are rotated away, not only the tree-level mass matrix but also the loop mass matrix in Eq. (22) take a factorized form M ν ij ∝ a i a j [9] , That is, the contribution from Π N is aligned with the tree-level mass matrix and thus gives overall correction to the dominant tree-level mass in the direction ∼ a i ν i . One-loop correction to neutralino masses has been analyzed in Ref. [15] , according to which the Π N contribution gives typically 6% correction to the tree-level values. As we are interested in the leading correction to the masses of the two light neutrinos, we will ignore this correction by working in the basis with µ i = 0. Secondly, once no flavor changing sfermion masses are assumed, Σ n has only diagonal elements which produces also aligned correction of the order α 2 /4π < ∼ 1%, and thus we can also ignore this contribution. Then we are left with the last two one-loop corrections involving Π n and Π D in Eq. (22) which will give rise to a sizable contribution to neutrino masses and mixing. Therefore, the resulting neutrino mass matrix is 
which are aligned with the tree level masses and thus can be safely ignored. The contribution from the charged slepton/Higgs exchange diagrams (involving also charged lepton/chargino exchange) can be as large as
t β apart from the possible alignment as can be read from mixing matrices (12, 13) and (A22,A23). The same is true for the sneutrino/Higgs exchanging diagrams (involving also neutrino/neutralino exchange). From our explicit calculation in the next section, we will see that the seemingly large correction of order
t β for large tan β is compensated by a large suppression factor and thus ξ i ≫ η i . The [DF] which has tan β enhancement compared to the corresponding diagrams in Π D as mentioned before. In the [FF] type, there are diagrams involving h τ h τ , h τ λ, λλ and λ ′ λ ′ couplings. The first two classes of diagrams may have significant contributions for large tan β as noted in Refs. [21] , which will be confirmed partly in the next section. The last two classes of diagrams are the frequently considered ones as they typically give the main contributions to the one-loop correction.
Our qualitative discussion on the one-loop corrected neutrino masses will be confirmed by numerical computation performed in the next section. For our explicit computation, we take gauge-mediated supersymmetry breaking models [16] where the universality arises more naturally than in supergravity models. A rigorous calculation in minimal supergravity models with bilinear terms has been performed in Ref. [12] .
IV. ATMOSPHERIC AND SOLAR NEUTRINO OSCILLATIONS IN GAUGE-MEDIATED SUPERSYMMETRY BREAKING MODELS
In this section, we discuss the properties of the one-loop improved neutrino mass matrix obtained in the previous section through explicit calculation. Then, our emphasis is put on addressing whether or how the atmospheric and solar neutrino masses and mixing angles can be realized in the context of R-parity violating models with supersymmetry broken by the gauge mediation mechanism. In a gauge mediation model, soft parameters of sfermion fields depend only on their gauge quantum numbers upon supersymmetry breaking, and thus the supersymmetric flavor problem is resolved in a natural way [17] . However, a difficulty in this type of models is that the origin of µ and B terms cannot be provided in its own context. This also applies to the R-parity violating bilinear terms µ i , B i . Assuming, however, B and B i terms come from the same origin, we take B/B i = µ/µ i . Then, one can rotate away the R-parity violating bilinear terms into the Higgs bilinear term at the mediation scale and thus no sneutrino VEVs can be generated. But this property is spoiled by renormalization group evolution and thus sneutrinos get nonzero VEVs at the weak scale. We solve renormalization group equation to determine these sneutrino VEVs for given input parameters µ i or λ ′ , λ. In the R-parity preserving case, an extensive study of sparticle spectrum through renormalization group evolution has been done in Ref. [18] . In this work, we take a minimal gauge mediation model assuming one pair of messenger multiplets (5 +5) [16] and put the messenger scale equal to the messenger sector supersymmetry breaking scale Λ. In most cases, we will set Λ = 75 TeV.
The simplest R-parity violating model is the "bilinear model" in which only bilinear R-parity violating terms are present at the fundamental scale, or at the mediation scale of supersymmetry breaking in our case. This model having only three R-parity violating parameters is more predictive and turns out to be very restrictive as we will show. It is also conceivable that there are both bilinear and trilinear couplings originated from a certain flavor symmetry which explain also quark and lepton mass hierarchies [19] . In this spirit, we assume that λ i = λ i33 and λ
are much larger than the other couplings and give rise to experimentally relevant contributions. We call this the "trilinear model" which has five Rparity violating parameters (note that λ 3 ≡ 0), as the bilinear terms µ i can be rotated away into the trilinear couplings. For our purpose, it is then convenient to use renormalization group equations in the basis where the bilinear terms µ i are rotated away at all the scale [20] , which are recollected in Appendix C.
Before investigating realistic solutions to neutrino problems, it is worth discussing how much one-loop corrections can change tree-level results. As an example, we take a bilinear model with µ 1 = µ 2 = µ 3 = 10 −4 at the mediation scale Λ = 75 TeV. By rotating away µ i , we have
In Table I , we show the values of R-parity violating parameters and one-loop contributions to sneutrino VEVs calculated at Q 2 = mt 1 mt 2 . In the table,q, φ − , S 0 , P 0 , ψ 0 , ψ − , and Z/W denote the squark, charged slepton/Higgs, CP-even and CP-odd sneutrino/Higgs, neutrino/neutralino, charged lepton/chargino and gauge boson contributions to Σ L i , respectively. The main contribution to Σ (1) comes from stops or sbottoms, and we do not show vanishing or negligible contributions from ψ 0 or bottom quark, etc. For small tan β, Σ
gives about 18% correction to the tree-level quantity,
The dominant contribution to Σ (2) comes from charged slepton/Higgs. Contrary to the case of Σ (1) , the squark contribution is negligible as there is an almost precise cancellation between uptype and down-type squark contributions. The correction Σ (2) to m 2 ν is typically small and 5% in our case. Taking both one-loop contributions Σ (1, 2) into account, the one-loop improved sneutrino VEVs, ξ i , get increased by 13 % from the tree-level value ξ 0 i for tan β = 3. This corresponds to a 27% increase of the tree-level neutrino mass as it is proportional to ξ 2 i . This is a significant change when one tries to explain the experimental data. More seriously, the one-loop correction could even upset the tree-level calculation. As can be seen from Table I with tan β = 30, the one-loop improved value ξ i is about 7 times larger than the tree-level value ξ 0 i . This phenomenon occurs due to a cancellation between the tree-level quantities. As one can see from Table I , even though each quantity m 2 L i H 1 or B i t β is about 10 times larger than the one-loop correction Σ (1) , there exists a cancellation of first two digits in the sum, B i t β + m L i H 1 . Therefore, it is essential to include one-loop corrections in the calculation of neutrino masses and mixing arising from R-parity violation.
To show the tan β dependence of tree and loop masses, we present order of magnitudes of some mass matrix components in the last five rows of Table I . Let us first note that while η i get increased mildly with tan β, the components of Π n with h τ λ i couplings get increased tremendously with tan β and become comparable to the contributions from λλ couplings, as was first noted in Ref. [21] . While the heaviest neutrino mass dominated by the tree-level value gets little changed, the second largest neutrino mass strongly depends on tan β.
Let us now turn to an important question whether a realistic neutrino mass matrix can be obtained in our scheme. We first discuss the bilinear model. As can be seen in Table  I , a bilinear model with low tan β produces two heavy neutrino masses in the right range for the atmospheric and solar neutrino vacuum oscillation mass scale. But, it appears to be impossible to obtain bi-large mixing required in this case. In order to have bi-large mixing, one needs U ν 13 ≪ 1 which means ξ 1 ≪ ξ 2,3 as the tree-level mass dominates [9] . This implies, in turn, µ 1 ≪ µ 2,3 which gives rise to the solar neutrino mixing angle ∼ µ 1 /µ 2,3 , leading to a contradiction. On the other hand, one can easily find a small mixing MSW solution to solar neutrino problem [22] for a reasonably large tan β. A solution is as follows. Let us take the input values with tan β = 24;
This gives rise to the neutrino mass matrix in the eV unit; 
where the first matrix on the left-hand side is the tree-level mass and the second one is the one-loop mass. This leads to the mass eigenvalues and oscillation amplitude; 
In our notation, sin 2 2θ sol is the ν e disappearance oscillation amplitude corresponding to ∆m 2 21 , and sin 2 2θ atm (sin 2 2θ chooz ) is the ν µ → ν τ (ν e disappearance) oscillation amplitudes corresponding to ∆m 2 32,31 , which are measured in the solar neutrino [5] , and the atmospheric neutrino [4] (CHOOZ [7] ) experiments, respectively. Let us note that such a solution can be obtained in a limited range of tan β = 22 − 26. If one reduces the mediation scale, a larger tan β is needed to achieve this kind of solution; e.g., tan β ≈ 40 for Λ = 50 TeV. Our investigation shows that the small mixing MSW solution to the solar neutrino problem can be obtained for rather smaller tan β than claimed in Ref. [21] . The main reason for this discrepancy is that the possibility of a precise cancellation for large tan β discussed above was not considered legitimately in a qualitative analysis of Ref. [21] . In fact, for tan β > 30 (with Λ = 75 TeV), the loop corrections get weird due to a large third generation effect (h b , h τ ∼ 1) so that the input, µ 2 ≈ µ 3 , motivated by large atmospheric neutrino mixing, does not work at all.
In trilinear models, we can have more freedom and thus find more variety of solutions. A remarkable result is that the bi-maximal mixing solution for the atmospheric and solar neutrino vacuum oscillations [23] can be obtained in our framework. For tan β = 2, a set of the input values to provide bi-maximal mixing is
A key feature to find such a solution is that one needs λ ′ 1 smaller than λ 
leading to the following mass eigenvalues and oscillation amplitudes; 
In this case, we have ∆m 2 21 = 0.6 × 10 −10 eV 2 . Compared to the other solutions, this is rather sensitive to the input values, but one does not need to rely on fine-tuning of the input parameters.
Our last example is to accommodate the small mixing MSW solar neutrino solution even for low tan β. It is the case where λ i is larger than λ 
give rise to the mass matrix; 
The corresponding mass eigenvalues and oscillation amplitudes are 
In this solution, the loop mass matrix is dominated by the diagrams with λλ couplings and the other diagrams can be neglected. In all the realistic solutions, we find that the mass matrix elements coming from the diagrams with h τ λ and h b λ ′ in Π D , and with gh τ and h τ h τ in Π D,n are smaller than the others by more than one order of magnitude. Furthermore, the Π D diagrams can be omitted as they give negligible contributions to the resulting mass eigenvalues and mixing angles. Among the Π n diagrams, one should not ignore the diagrams with gλ, h τ λ in the parameter region with large tan β, or relatively large λ (as in the first two solutions), as their contributions become comparable to those with λλ or λ ′ λ ′ which usually give largest contributions.
V. CONCLUSIONS
We have performed a comprehensive analysis on the one-loop corrected neutrino masses and mixing. Our first concern was to determine sneutrino vacuum expectation values at the one-loop level by employing one-loop effective scalar potential. R-parity violation mixes R-parity even and odd particles and thus sfermion and fermion mass matrices are more complicated than in the R-parity conservation case. However, under the condition that R-parity violating couplings are small as implied by small neutrino masses, one can make an analytic diagonalization up to the quadratic order in R-parity violating parameters to compute the complete one-loop contributions to sneutrino minimization condition. The results are presented in Appendix A. This one-loop determination of sneutrino VEVs is essential to confront the R-parity violating models with experimental data. It has been observed that the one-loop correction can give rise to a significant change from the tree-level calculation, in particular, when there occurs cancellation between tree-level contributions. Taking gauge-mediated supersymmetry breaking models, we have shown that this kind of cancellation arises naturally for large tan β and the one-loop correction can change even the order of magnitude of the heaviest neutrino mass.
We have then considered one-loop renormalization of neutrino mass matrix to determine mass eigenvalues and mixing angles for all three neutrinos. Concerning the neutrino sector only, it turns out that the use of the Q-independent effective mixing matrix is very useful to calculate one-loop corrected neutrino masses and mixing. In this procedure, we compute 7x7 one-loop neutrino/neutralino mass matrix in the weak basis, and make a Q-independent seesaw diagonalization to obtain 3x3 effective neutrino mass matrix. From this effective mass matrix, one can simply calculate mass eigenvalues and mixing matrix working at zero momentum p 2 = 0. It is then argued that this procedure simplifies the calculation in the basis of µ i = 0 if one wants to calculate the leading contributions which are summarized in Appendix B.
Following the above procedures, we have investigated the properties of neutrino mass matrix to see whether the atmospheric and solar neutrino oscillations can be obtained in the framework of R-parity violating theories with gauge mediated supersymmetry breaking. In the bilinear model, together with the atmospheric neutrino oscillation, one can only obtain the small mixing MSW solution to the solar neutrino problem taking large tan β > ∼ 20. For the case of the trilinear model, one can have more solutions. With low tan β, the bimaximal mixing solution to the atmospheric and solar neutrino problems can be realized. Furthermore, varying 5 free parameters, it has been shown that the small mixing MSW solution can be obtained even for small tan β. We would like to emphasize that all of these R-parity violating solutions to neutrino problems can be realized without any fine-tuning, apart from the smallness of R-parity violating parameters, µ i , λ and λ ′ , which may be originated from a certain flavor symmetry explaining the quark and lepton mass hierarchies.
APPENDIX A: ONE-LOOP CONTRIBUTIONS TO SNEUTRINO VEVS
We collect here one-loop contributions to sneutrino minimization condition (3) by calculating all the field-dependent particle masses.
Stop contribution: The stop mass matrix including R-parity violating contribution is given by
where h t and A t are the top quark Yukawa coupling and trilinear soft parameter respectively, and
2 ). Following the procedure described in Section II, we find the contributions from the stop mass eigenstatest 1,2 as follows:
ignoring small R-parity violating contributions.
Sbottom contribution: The sbottom mass matrix is
The sbottom contributions are Charged slepton/Higgs contribution: Let us denote the charged slepton and Higgs contributions to Σ's as
where φ stands for the mass eigenstatesẽ i1 ,ẽ i2 and H − . Here S
φ /∂u j )/2u j can be calculated from the diagonalization of the mass matrix ( 5, 6) . In the matrix (6), the R-parity conserving mass components are
apart from u 2 dependence in the gauge boson masses. The slepton mass diagonalization matrix elements c ei and s ei define the rotation angle as tan θ ei = s ei /c ei and useful quantities which are free from the ambiguity in defining the angle θ ei are
A straightforward calculation leads to
. Note that the contributions for the two light sleptons are reduced to the following simple form taking m e 1,2 = 0:
Similarly, one finds
CP-even sneutrino/Higgs contribution: As in the above case, we write
where φ runs for Re(ν), h 0 and H 0 and S (1) , (2) i (φ) are calculated from the matrix (14) as follows:
CP-odd sneutrino/Higgs contribution: Again, one can calculate from the matrix (17),
where φ runs for Im(ν), A 0 . Here, S
(1), (2) i (φ) are given by
Gauge boson contribution:
Bottom quark contribution:
Neutrino/neutralino contribution: To diagonalize the 7x7 neutrino/neutralino mass matrix, we use the seesaw formula to obtain the rotation matrix:
where the seesaw diagonalization matrix Θ N separating out the neutrino and neutralino parts is given by
N , and U ν is the neutrino mixing matrix which is determined from the full neutrino mass matrices including the tree and one-loop contributions. The matrix N is the usual neutralino diagonalization matrix whose analytic expression can be found, e.g., in the paper by Barger et al. in Ref. [13] . We present a simpler form as follows:
and the N ij satisfies the unitarity relation, N Recall that one has to keep R-parity violating contributions to calculate Σ's which we do not show explicitly in, e.g., (A19).
The sneutrino VEVs contributions are
where ψ runs for four neutralinos χ 0 i , and S (1, 2) (ψ) are given by
Note that S 
where r 1,1 and l 1,2 are given by
and the useful combination of the usual chargino mixing angles are given by
Neglecting the contributions from the two light charged leptons by taking m e,µ = 0, we get
where ψ runs for τ and the charginos χ − 1,2 and S (1,2) (ψ) are given by
.
APPENDIX B: ONE-LOOP CORRECTIONS TO NEUTRINO MASSES
Here we summarize the calculation of one-loop self-energy diagrams in the weak basis. A key ingredient in this procedure is to express the propagators inside loops in terms of the mass basis propagators which can be done by the use of the diagonalization matrices (13,15,18,A18,A22) . Schematically, one can write the transformation from the weak basis propagators to the mass basis ones as follows:
where α and β represent weak basis fields and ψ mass eigenstates. For neutrino/neutralino, charged lepton/chargino, sneutrino/Higgs (scalar or pseudoscalar), and charged slepton/Higgs propagators, one finds
where ρ's and ψ's represent the neutrino/neutralino or charged lepton/chargino fields in the weak and mass basis, respectively; ϕ 0 is a complex sneutrino or Higgs field and φ 0 is a scalar or pseudoscalar mass eigenstates; ϕ − and φ − represent the charged slepton/Higgs fields in the weak and mass basis, respectively.
We first present Π n which gives most significant contributions to the one-loop neutrino self-energy. 
The contributions to Π D are 
